Staining the entire chain of paravertebral sympathetic ganglia in the bullfrog with an antiserum against porcine neuropeptide Y (NPY) revealed that, in each ganglion, a subpopulation of neurons expresses NPY-like immunoreactivity. Chromaffin cells in the sympathetic ganglia and in the adrenal gland were not stained by the anti-NPY serum. Since neurons in ganglia 9 and 10 of the sympathetic chain can be classified into 3 distinct groups on the basis of established electrophysiological criteria, we sought to identify the neurons in these ganglia that contain the NPY-like immunoreactivity.
Accordingly, a series of cells was impaled with intracellular recording electrodes, identified as either fast B-, slow B-, or C-type neurons, filled with Lucifer yellow, and then processed with the anti-NPY serum for indirect immunofluorescence.
These double-label experiments revealed that NPY-like immunoreactivity is expressed selectively by C-type sympathetic neurons. Counts of immunoreactive cells indicate that 55% of the neurons in ganglia 9 and 10 are C cells.
A major target of the C cells appears to be the vasculature. In 3 different tissues innervated by sympathetic neurons, namely, the adrenal gland, the sartorius muscle, and the skin of the hindlimb, axons containing NPY-like immunoreactivity were found primarily within or near blood vessels. Within 14-60 d after extirpation of sympathetic ganglia 9 and 10, most immunoreactive axons in the sartorius muscle and nearby skin disappeared.
In conjunction with other evidence, the possibility arises that sympathetic C cells function as vasomotor neurons that use an NPY-like substance and epinephrine as cotransmitters.
Neuropeptide Y (NPY) is a member of the pancreatic polypeptide family that has been purified from porcine brain and sequenced (Tatemoto, 1982; Tatemoto et al., 1982) . In the mammalian sympathetic system, NPY is localized in subsets of pre-and paravertebral ganglion cells (Lundberg et al., 1982a (Lundberg et al., , b, 1983 and in axons that project to cardiac (Gu et al., 1983; Lundberg et al., 1983) and smooth muscle (Edvinsson et al., 1983; Lundberg et al., 1983 Lundberg et al., , 1984 Stjernquist et al., 1983) .
Application of exogenous NPY has been shown to alter cardiac contractility (Allen et al., 1983b; France-Cereceda et al., 1985) to inhibit the nerve-evoked release ofnorepinephrine from sympathetic fibers (Lundberg and Stjarne, 1984; France-Cereceda et al., 1985) , and to stimulate vasoconstriction (Lundberg et al., 1982b; Edvinsson et al., 1983; Edwall et al., 1985; FrancoCereceda et al., 1985; Hellstrom et al., 1985) . Some effects of NPY can be mimicked by stimulating sympathetic axons in the presence of catecholamine receptor antagonists (Edwall et al., 1985; Hellstrom et al., 1985; Lundberg and Stjame, 1984) . Together, these results suggest that NPY and norepinephrine are cotransmitters in a subpopulation of mammalian sympathetic neurons and that NPY plays an important role in regulating the circulation. However, the electrophysiological properties ofNPYcontaining sympathetic neurons are unknown. The present experiments were undertaken to examine this issue in the ninth and tenth paravertebral ganglia of the bullfrog (Rana catesbiana).
Classification of the sympathetic neurons in paravertebral ganglia 9 and 10 of the bullfrog as fast B, slow B, and C cells is based on the conduction velocities of pre-and postganglionic axons, the segmental origins of preganglionic axons, and cell body size (Dodd and Horn, 1983) . Even though the anatomical simplicity of amphibian ganglia has, to date, been exploited primarily for its technical advantages in studies of synaptic physiology (Kuffler, 1980) , amphibia may also provide useful models for analyzing subsystems within sympathetic ganglia. At present, the functional roles played by subclasses of bullfrog sympathetic neurons have not been delineated completely, but preliminary mapping experiments suggest that B and C cells project to different types of targets (Horn et al., 1985 . As in the frog, the conduction velocities of pre-and postganglionic axons in mammals are clustered into different groups within the B-and C-fiber ranges (Dunant, 1967; Erulkar and Woodward, 1968; Petri et al., 1970; Wallis and North, 1978; Janig and Szulczyk, 198 1; Hartman and Krier, 1984) . Moreover, Janig and Szulczyk (198 1) have proposed that conduction velocity in the cat paravertebral sympathetic system is a correlate of functional specificity. They have found, for example, that vasomotor axons characteristically conduct in the C-fiber range. As yet, however, no general scheme for cell classification can easily be applied to all segmental levels of the sympathetic chain and to different species. In the hope of uncovering principles of functional organization that are conserved in many vertebrates, we have begun to examine the cellular distribution of neuropeptides in bullfrog chain ganglia. We became interested in NPY because it had already been implicated in the regulation of the cardiovascular system, a universally important function. Resting potentials and conduction velocities are expressed as the mean + SD. n, number of cells included in each statistic.
Materials and Methods
Zrnmunocytochemistry. Four to 5 in. bullfrogs of both sexes (Charles D. Sullivan Co., Nashville, TN) were anesthetized by immersion in 0.4% tricaine methanesulfonate and then perfused through the aorta with 50 ml of Ringer's solution, followed by 150 ml of cold 4% paraformaldehyde in PBS. Paravertebral ganglia 2-10 (same nomenclature as in Dodd and Horn, 1983) were dissected free on both sides, postfixed for 1 hr, and placed overnight at 4°C in 25% sucrose in phosphate buffer. Ten micron cryostat sections were cut, mounted on gelatin-coated slides, washed for 20 min in 3% goat serum in 0.1 M PBS, and incubated overnight at 4°C with a 1:8Ofi dilution of rabbit anti-NPY serum (RPN 1702: Amersham. Arlineton Heinhts. IL) with 0.1% Triton X-100 and 1% goat serum in'PBS. The antis&m was made against porcine NPY. After three 5-min washes in PBS, the sections were incubated in a 1: 150 dilution of rhodamine-coupled goat anti-rabbit serum (6330; Tago, Burlingame, CA) in PBS for 30 min at room temperature. The slides were then rinsed 3 times in PBS, coverslipped in 1: 1 PBS:glycerin, and viewed under a Zeiss microscope with an HBO 50 epifluorescence illuminator and an appropriate filter set (48-77-15; Zeiss, Thomwood, NY). Sections of adrenal gland, skin, and muscle were processed in the same manner. The authentic porcine NPY used in preabsorption controls was purchased from Calbiochem, La Jolla, CA. Physiological recording and double-labeling. The procedure for isolating chain ganglia 7-10 and recording was similar to that described previously (Dodd and Horn, 1983 ) except for the inclusion of an epifluorescent light source on the compound microscope used to visualize neurons while recording (fixed-stage modification of Zeiss WL with 40 x water immersion objective and Nomarski differential interference contrast). This microscope was used to monitor the injection of fluorescent dye into identified living neurons and to examine tissue after it had been processed for immunofluorescence.
Individual ganglion cells were impaled first with a 3 M KCl-filled microelectrode and identified using the electrophysiological criteria of Dodd and Horn (1983) which are summarized in Results. In each preparation, 5-20 cells belonging to one class were filled by iontophoretie injection from a second microelectrode containing a 3% solution of Lucifer vellow CH (sift of Walter Stewart) in water. After recording from a preparation, its-dimensions were measured so that the latenciei of orthodromic and antidromic responses could be expressed as conduction velocities (Table 1) . The preparation was then fixed by immersion for 1 hr in cold 4% paraformaldehyde in PBS, allowed to sink overnight in phosphate-buffered sucrose, and serially sectioned. Sections containing cells filled with Lucifer yellow were identified using Zeiss FITC filter set 48-77-10 and processed for immunocytochemistry as described above.
Cell counts. In order to determine the percentage ofneurons in ganglia 9 and 10 that contains NPY-like immunoreactivity, ganglia on one side in 3 perfusion-fixed animals were prepared as described above and sectioned serially at 10 pm. The NPY immunocytochemistry was modified by using an HRP-coupled second antibody instead of a rhodaminecoupled antibody. After exposure to the anti-NPY serum and washing, the HRP-coupled goat anti-rabbit serum (6430; Tago) was applied ata dilution of 1:800 for 2 hr at room temoerature. Then. after three 5 min washes in PBS, the sections were preincubated for 5 min in 0.1 mg/ml of 3,3'-diaminobenzidene (DAB) in PBS and reacted for 20 min in 0.1 mg/ml DAB and 0.01% H,O,. Following 3 subsequent washes in PBS, the sections were counterstained with thionin, dehydrated in graded alcohols, cleared in xylenes, and coverslipped with Permount.
The reacted sections were examined at a magnification of 500x so that all cellular profiles containing nucleoli could be drawn using a camera lucida and scored for the presence of immunoreactivity. The numbers of labeled and unlabeled profiles were then counted from the drawings. To correct for split nucleoli, the correction factors of Abercrombie (1946) and Konigsmark (1970) Abercrombie's (1946) does not contain an assumption about resolution, the counts in Table 3 were corrected using Abercrombie's formula.
Whole mounts. Whole mounts of the sartorius muscle were stained using a modification of the procedure described by Costa et al. (1980) . In brief, paraformaldehyde-fixed muscles were prepared either by a 1 hr immersion of a freshly dissected muscle that had been pinned out or by vascular perfusion of an animal, followed by dissection and postfixation for 1 hr. The fixed muscles were dehydrated through graded alcohols and cleared in xylenes. Finally, the defatted tissue was rehydrated through graded alcohols and processed for immunoreactivity using the anti-NPY serum and a second antibody coupled to HRP.
In addition to using bullfrogs, we stained several sartorius muscles from 2 in. grass frogs, Rana pipiens, as whole mounts. There was no discernible difference between bullfrogs and grass frogs in the pattern of staining. Figure 7b is the only picture of staining in muscle from a grass frog that is presented in this paper.
Extirpation surgery. To assess the origin of NPY-like immunoreactivity in peripheral tissues, sympathetic ganglia were removed surgically from 5 animals. After anesthetizing each animal in tricaine, the caudal end of the sympathetic chain was exposed, using the lateral approach described by Pick (1957) . Ganglia 9 and 10 in 2 frogs and ganglia 8, 9, and 10 in 3 frogs were then removed unilaterally and separate sets of sutures were used to close incisions in the abdominal muscles and the skin. Following survival times of 14 to 60 d, the animals were reanesthetized and target tissues on the control and operated sides were processed for immunocytochemistry as described above.
Results
The distribution of immunoreactive cell bodies All paravertebral ganglia in the sympathetic system of the bullfrog were found to contain a subpopulation of neurons that exhibits NPY-like immunoreactivity. The staining was blocked entirely by omitting the anti-NPY serum or by preabsorbing the serum for 18 hr at 4°C with 10m6 M porcine NPY. Figure la illustrates the typical pattern of NPY-like immunoreactivity and was taken from a section of ganglion 3. As a point of reference, ganglion 3 is attached by rami communicantes to spinal nerve 3, which provides the main component of the brachial nerve. The immunoreactivity in all ganglia has a characteristic granular appearance and often is most dense in the perinuclear cytoplasm. In addition to cell bodies, some axons in the paravertebral ganglia are also immunoreactive. Ganglionic chromaffin cells, which are also known as small intensely fluorescent, or SIF, cells, did not stain. The lack of immunoreactivity in a large cluster of SIF cells is illustrated in Figure la . Chromaffin cells were identified under Nomarski optics (Fig. 1 b) by their small size and sparse granular cytoplasm (Weight and Weitsen, 1977; Dodd and Horn, 1983; Dunn and Marshall, 1985) . As with ganglionic SIF cells, adrenal chromaffin cells were devoid of NPY-like immunoreactivity (Fig.  lc) . Blood vessels running through the adrenal, however, were enmeshed by plexes of immunoreactive fibers that had numerous varicosities (Fig. 1 c) .
Physiological identification of immunoreactive neurons
Although there is overlap between the size distributions of B and C cells in ganglia 9 and 10, virtually all principal neurons with diameters of less than 30 pm are C cells (Jan and Jan, 1982; Dodd and Horn, 1983) . After looking at stained sections of ganglia, it was our impression that NPY-like immunoreactivity was most commonly seen in the smaller neurons. However, when examining cellular profiles in sections, it is difficult to infer the sizes of intact cells unless one undertakes laborious serial reconstructions and then applies statistical methods to a large sample of data. Therefore, size alone did not enable us to identify the entire population of immunoreactive neurons, but it did suggest that some were C cells. To further resolve this issue, a double-label paradigm was adopted in which individual neurons were identified physiologically, marked with Lucifer yellow dye, and then processed for NPY-like immunoreactivity. Physiological criteria for classifying neurons from ganglia 9 and 10 into 3 distinct groups have been described elsewhere (Dodd and Horn, 1983) but can be summarized briefly as follows (also see Table 1 ): C cells are innervated by slowly conducting preganglionic axons (0.4 m/set) that leave the cord via spinal nerves 7 and 8 and, in turn, the C cells have slowly conducting axons (0.3 m/set). By contrast, B cells are innervated by more rapidly conducting preganglionic axons (2.6 m/set) that arise from spinal segments rostra1 to ganglion 7. B cells are further subdivided into fast B and slow B groups on the basis of their axonal conduction velocities, which, on average, are 2.5 m/set and 0.6 m/set, respectively.
The optical qualities of bullfrog ganglia, in conjunction with the recording arrangement, enabled us to visualize individual neurons and to impale a given cell twice in succession-once for identification and a second time for dye injection. Each cell was first impaled with a KCl-filled electrode and classified as a fast B-, slow B-, or C-type neuron. Both an antidromic action potential and an orthodromic synaptic response were recorded from every B cell that was filled, so that it could be classified as a fast B or slow B cell. Although antidromic action potentials were not recorded from all of the C cells included in our sample (Table l) , the segmental origin and conduction velocity of the orthodromic synaptic response allowed one to clearly distin-guish a C from a B cell. In every preparation (n = 17), an average of only 12 cells belonging to the same class was marked immediately after identification, using a separate Lucifer-filled electrode. The advantages of the 2-electrode technique were that it improved the quality of the physiological recordings because of the relatively low noise of KCl-filled electrodes, and that it enabled us to mark cells of one type in each preparation, thereby simplifying the accounting for cells after sectioning. The resolution of the Nomarski optics (see plate 1, Dodd and Horn, 1983) made the double-impalement procedure reliable. The epifluorescent illuminator on the recording microscope was used to confirm the success of every dye fill at the time of injection. In this manner, it was possible to examine sections of the ganglia and to account for 96% (195/203) of the identified, dye-labeled cells prior to immunocytochemical processing. The appearance of fast B, slow B, and C cells at the end of the double-labeling procedure is shown in Figure 2 . In neurons that were heavily filled with Lucifer yellow there was some increase in background fluorescence when viewed with rhodamine filters. However, the diffuse background caused by Lucifer yellow injection was easily distinguished from the granular staining that characterizes NPY-like immunofluorescence (Fig. 2) . Of 77 dye-filled neurons that contained NPY-like immunoreactivity, 76 were C cells, 1 was a fast B cell, and none were slow B cells (see Table 1 ). Whereas 98.7% ofthe immunoreactive neurons were C cells, only 88.3% of the identified C cells were immunoreactive. The average membrane potential of cells in the double-label experiments was -44.6 mV and did not vary systematically with cell type or with the presence of immunoreactivity.
The number of immunoreactive neurons
The preceding results indicate that NPY-like immunoreactivity is a reliable anatomical marker for C cells (see Discussion). We therefore undertook to estimate the percentage of neurons that are immunoreactive in order to determine the relative sizes of the B and C cell populations. For this purpose, ganglia 9 and 10 on one side in each of 3 animals were sectioned serially, reacted with anti-NPY serum and a second antibody coupled to HRP, and, finally, counterstained with thionin. This provided a permanent set of slides that were suitable for use in identifying nucleoli and in making camera lucida drawings of the labeled and unlabeled cellular profiles that contained nucleoli.
The appearance of NPY-like immunoreactivity in sections processed with an HRP-coupled second antibody is similar to that observed using indirect immunofluorescence. The brown reaction product is granular, often heavy, and most dense in the perinuclear cytoplasm (Fig. 3) . Unlabeled neurons retain a typical Nissl-stained appearance: light blue cytoplasm and nucleus and deeply stained nucleoli. Both the peroxidase-and the rhodamine-coupled second antibodies reveal that neurons containing NPY-like immunoreactivity are distributed throughout ganglia 9 and 10 and that immunoreactive neurons are sometimes grouped into small clusters (Fig. 3) .
The first ganglion that was analyzed quantitatively (case 1, ganglion 9) was cut into 70 serial sections. Camera lucida drawings of each section, in which each profile containing a nucleolus was drawn and scored for immunoreactivity, were prepared. Separate counts, based on every section and on every other section, were then tallied. After scaling the alternate counts by 2, they fell within 4.5% of the serial counts. To simplify the subsequent analysis, cell counts in the other 5 ganglia were Figure 3 . NPY-like immunoreactivity in a section of ganglion 10 that was processed using an HRP-coupled second antibody and counterstained with thionin. This photograph was taken with a CB 12 blue filter to enhance the contrast between immunoreactive and nonimmunoreactive cells when rendered in black and white. Under these conditions the labeled cells are simply darker than the unlabeled cells. Although there is no distinct pattern in the distribution of labeled or unlabeled cells, occasional small clusters of like cells are a commonly observed feature in this material.
limited to alternate sections and multiplied by a factor of 2. During the counting process, neuronal profiles that contained double nucleoli were also noted on the camera lucida drawings; these data are compiled in Table 2 . Out of 29,465 cellular profiles in 6 ganglia, 1630, or 5.5% of the total, contained double nucleoli and the remainder contained single nucleoli. From the data in Table 2 , one can see that, overall, 5 1.4% of the profiles with double nucleoli was immunoreactive. To estimate the sizes of labeled and unlabeled cell populations from such data, one must consider the counting errors that result from the presence of cells with double nucleoli and from the splitting of nucleoli by the sectioning process. In principle, sectioning a cell that contains 2 nucleoli will occasionally result in 2 cellular profiles, each of which contains a single nucleolus. Consequently, counting the profiles that contain a nucleolus will lead to an overestimate of the total number of neurons in a ganglion. However, since the population of bullfrog sympathetic neurons with double nucleoli is relatively small, and since the presence of double nucleoli is uncorrelated with that of NPY-like immunoreactivity ( Table 2 ) the existence of these cells seems unlikely either to introduce a large counting error or to bias our estimate of the percentage of neurons that are immunoreactive. Hence, no correction was made to deal explicitly with errors caused by sectioning through double nucleoli. Table 3 presents estimates of the total immunoreactive and nonimmunoreactive cell populations in ganglia 9 and 10. These data were corrected for overcounting of split single nucleoli using factors that are described in Materials and Methods, based on the formula ofAbercrombie (1946) . The uncorrected raw counts are listed in parentheses (Table 3) and include all profiles with single and double nucleoli. Overall, 54.9% of 2 1,000 neurons in 6 ganglia contained NPYlike immunoreactivity. In the 3 animals that were studied, this value varied between 50.7 and 57.2%.
Axons of C-type neurons are associated with blood vessels
As was mentioned earlier, NPY-like immunoreactivity in the adrenal gland was limited to axonal plexes near blood vessels Identification of Sympathetic C Cel l s Neuronal profiles that contained double nucleoli were counted in every section of ganglion 9, case 1. In the remaining cases, every other section was analyzed and the counts were multiplied by a factor of 2. The data are uncorrected for split nucleoli. With the exception of the right-hand column, all subtotals and grand totals are the sums of the counts in a given column. In the right-hand column, each percentage has been calculated from values in the corresponding row of the table.
( Fig. lc) . To characterize further the peripheral projections of C cells, we examined hindlimb skin and the sartorius muscle for NPY-like immunoreactivity because electrophysiological evidence indicates that these tissues contain axons of C cells whose somata are located in ganglia 9 and 10 (Horn et al., 1985 .
In green dorsal skin and white ventral skin from the hindlimb, a sparse network of fibers containing NPY-like immunoreactivity was present in the subdermal vascular and nerve plexes and in all layers of the dermis, but not in the epidermis. Although they were similar in their cutaneous distribution, the density of labeled axons appeared to be higher in dorsal than in ventral skin. The labeled axons always had numerous varicosities. Figure 4 illustrates a transverse section through green dorsal skin from the thigh. At the base of the skin, there are 2 large blood vessels and a nerve bundle that are cut transverse to their longitudinal axes. Within the nerve are several small dots of immunoreactivity that correspond to end-on views of cut axons. Surrounding the large blood vessels one can see longer segments of immunoreactive axons. In this same section, 3 small blood In every section of ganglion 9, case 1, all profiles containing a piece of a nucleolus were counted. In the remaining cases, every other section was analyzed and the results were multiplied by a factor of 2 to yield raw counts. These raw counts are listed in parentheses to the right of values that are corrected for double-counting of cells with split nucleoli. The correction factors used were 0.73 for immunoreactive cells and 0.70 for nonimmunoreactive cells. The origin of these corrections is explained in Materials and Methods. vessels that are traversing the stratum spongiosium are surnerves are cut in transverse section (Fig. 4) could be easily rounded by immunoreactive axons. Although not prominent in identified as small axons when viewed in an orthogonal plane Figure 4 , immunoreactive axons were observed occasionally in (Fig. 5 , e,fl. the stratum compacturn.
In the sartorius muscle, axons containing NPY-like immuTo examine further the distribution of cutaneous axons connoreactivity were always found in close proximity to arteries taining NPY immunoreactivity, some skin was sectioned parand small blood vessels that were probably capillaries. Since an allel to its surface. Figure 5 illustrates the appearance of such average of only 15 sympathetic axons project to the sartorius horizontal sections at the level of cutaneous glands (Fig. 5, a- muscle (J. P. Horn and W. D. Stofer, unpublished observations), c), subdermal blood vessels (Fig. 5, d, e) , and subdermal nerves pieces of muscle were processed as whole mounts in order to (Fig. 5, e, f) . Immunoreactive axons were seen often in close determine the distribution of immunoreactive axons. At their association with cutaneous mucous glands but not with granular points of insertion into the muscle, the sartorius motor nerve glands. Although labeled axons sometimes appeared to make and artery, but not the vein, contained labeled axons. A whole contact with mucous glands, the axons were never observed mount of the sartorius artery at its point of insertion is shown penetrating the walls of glands. The highest density of labeled in Figure 6 . As in the adrenal gland and skin, labeled axons in axons seen in skin was in association with large subdermal blood striated muscle had many varicosities. Within the sartorius musvessels. This was especially apparent when vessels were viewed cle, labeled axons continued to follow arteries and to bifurcate along their longitudinal axis (Fig. 5, d, e) . Similarly, the faint at vascular branch points (Fig. 7) . As the branching arteries dots of immunofluorescence that are seen when subcutaneous became smaller in diameter, the accompanying axons some- times appeared outside the wall of the blood vessel. In several cases where we have been able to identify capillaries by their small caliber and the presence of blood cells in single file, nearby labeled axons were observed (Fig. 7b) .
To determine whether the immunoreactive axons in the skin and sartorius muscle originated from lumbar sympathetic ganglia, paravertebral ganglia 9 and 10 were removed unilaterally from 2 frogs and ganglia 8, 9, and 10 were removed unilaterally from 3 additional frogs. After survival times of 14 d to 2 months, the skin and sartorius muscles on both control and experimental sides were processed for NPY-like immunoreactivity. Removal of ganglia 9 and 10 resulted in the disappearance of virtually all NPY-like immunoreactivity within 14 d. Removing ganglion 8 in addition to 9 and 10 and allowing the animals to survive for up to 60 d had the same effect as removing only ganglia 9 and 10.
Discussion These present experiments demonstrate that a large subpopulation of bullfrog sympathetic neurons express NPY-like immunoreactivity. In the ninth and tenth paravertebral ganglia, this immunoreactivity is expressed selectively by a single electrophysiologically identifiable class of neurons-the C cells. Together with our other findings, the significance of these results is threefold. First, they provide a histological marker that can be used to identify C cells in anatomical experiments. Second, they suggest that, in C cells, an NPY-like molecule may act as a cotransmitter with epinephrine. Finally, they suggest that C cells function as vasomotor neurons. We will consider these possibilities in turn.
Is NPY-like immunoreactivity a marker for C cells? Although the data from the double-label experiments (Table 1) show that the vast majority of immunoreactive neurons were C cells, it is also true that 10 of 86 C cells were not immunoc reactive and that 1 of 99 fast and slow B cells was immunoreactive. Although this could mean that a small subset of C cells does not contain NPY-like immunoreactivity and that an even smaller subset of fast B cells are immunoreactive, alternative explanations seem equally feasible. Since the level of immunoreactivity in dye-filled cells (Fig. 2) was often lower than that in neighboring cells, it seems plausible that damage due to double impalement could have degraded antigenic molecules. Such a loss of antigen, in conjunction with the small increase in nonspecific background that is caused by Lucifer yellow, may have obscured immunoreactivity in the 12% of C cells that were negative. An artifact of this magnitude fails, however, to account for the observation that 99% of the B cells were not immunoreactive. As for the 1 immunoreactive fast B cell that was observed, it could represent an exceedingly rare cell type or it may simply have resulted from an error in our method. Another interpretation of these findings is possible if one assumes that some cells express very low levels of NPY-like immunoreactivity. According to this view, one might argue that both B and C cells express NPY-like immunoreactivity, but that the expression in B cell somata is below our threshold for detection. Although this possibility is difficult to refute, the fact remains that NPY-like immunoreactivity is detected easily in C cell somata and in the fine processes of C axons, but not in B cell bodies. Definitive resolution of this issue will require more sensitive methods and would be facilitated by a direct examination of gene expression underlying the observed immunoreactivity. Further interpretation of the present results concerning nonimmunoreactive C cells will not be possible until independent markers for fast B, slow B, and C cells are discovered. With such tools it should become possible to delineate more fully the cellular distribution of NPY-like immunoreactivity and to qualify more precisely its definition as a marker for C cells.
The absence of NPY-like immunoreactivity in bullfrog chromaffin cells in ganglia and in adrenal gland is consistent with At the arrow marked axon, the fiber is clearly separated from the accompanying blood vessel for about 50 pm. Thus it appears that the association between immunoreactive axons and blood vessels becomes less intimate as the blood vessels become smaller in caliber. Unlike all other data in this paper, b is taken from the sartorius muscle of a 2 in. grass frog, Runu pipzens. We found no difference in the distribution of immunoreactivity between species and present this picture because of the optical quality of this relatively thin specimen. Note the branching capillary (cup) that is accompanied by a branching labeled axon and the red blood cell (rbc) within the lumen of the capillary.
the notion that NPY expression by chromaffin tissue varies greatly between species. For example, Lundberg et al. (1983) reported that immunoreactive SIF cells are present in ganglia of the mouse and guinea pig, but not in rat, cat, dog, pig, or man. Similarly, NPY has been found in subpopulations of adrenal chromaffin cells in several mammalian species (Vamdell et al., 1984; Majane et al., 1985) , but the levels expressed by different species are quite different (Allen et al., 1983a ).
NPY as a putative neurotransmitter In the mammalian sympathetic system, a combination of biochemical, anatomical, and physiological evidence supports the hypothesis that NPY functions as a cotransmitter with norepinephrine (see the introduction). By analogy, it is tempting to propose that NPY-like immunoreactivity in the bullfrog sympathetic system is due to a related antigenic molecule that acts as a cotransmitter with epinephrine. However, until the bullfrog antigen is characterized in terms of its structure and physiological actions, little can be said about its hypothetical function. With these questions in mind, it is interesting to note that in preliminary experiments we have found that stimulation of the bullfrog sympathetic system in the presence of an alpha-adrenergic antagonist produces a vasoconstriction that can be mimicked by close arterial injection of authentic porcine NPY .
Do C cells function as vasomotor neurons?
Although it is well established in the frog that sympathetic ganglia innervate blood vessels (Langley, 19 1 l) , glands (Skoglund and Sjoberg, 1977) and cutaneous sensory receptors (Loewenstein, 1956; Spray, 1974 ) the peripheral targets of C cells were not identified in these earlier reports. Using extracellular recordings, Horn et al. (1985) have shown that C cell axons, unlike those of B cells, project from ganglia 9 and 10 into visceral and voluntary motor nerves, as well as into cutaneous nerves. In the present study, NPY-like immunoreactivity in the sartorius muscle and in skin was found to be most commonly associated with large arteries and smaller blood vessels. Since most NPYlike immunoreactivity in the hindlimb was eliminated after surgical removal of ipsilateral ganglia 9 and 10, it seems very likely that most of the labeled axons originated from C cells in these ganglia. It is also possible that the experimental surgery disrupted a few immunoreactive fibers that originated from cells in more rostra1 ganglia and passed through ganglia 9 and 10 on their way to the periphery. We cannot account for the occasional immunoreactive axon that was observed in target tissues after removal of the ipsilateral ganglia. Although the vasculature may be a major target of C cells, this possibility has not been explicitly tested in these experiments. However, the notion of a vasomotor role is supported by a brief report that stimulation of C cells in the toad can reduce blood flow (Honma, 1970) and by preliminary experiments in which we have found that stimulation of C, but not B, cells produces vasoconstriction in the bullfrog . Finally, we cannot rule out the possibility that tissues other than blood vessels (e.g., mucous glands) are also targets of the C axons.
How should a C cell be defined?
In an earlier study, Dodd and Horn (1983) mapped the distribution of B and C cells in ganglia 9 and 10 by systematically impaling and electrophysiologically identifying the majority of neurons that occupied several adjacent microscope fields. They found that B and C cells were distributed throughout both ganglia and that there was a slight tendency for clustering of cells belonging to each group. The present experiments have confirmed and extended these findings, using NPY-like immunoreactivity as a marker for C cells. For the first time it has been possible to estimate the proportion of neurons that are C cells. Assuming the adequacy of the marker, we find that 55% of the neurons in ganglia 9 and 10 are C cells. In our corrected counts, we did not correct for double nucleoli, nor have we verified the accuracy of Abercrombie's (1946) method in this system. How-ever, the presence of immunoreactivity is not correlated with Honma, S. (1970) Functional differentiation in sB and SC neurons of that of double nucleoli (Table 2) , and our correction factors for B cells (0.70) and C cells (0.73) are very similar. Therefore, the largest uncertainties in our estimates are in the absolute numbers of sympathetic neurons in ganglia 9 and 10, and not in the relative proportions of B and C cells. The most important conclusion of the cell-counting experiments is that C cells constitute a slight majority of the neurons in ganglia 9 and 10. Although a systematic count of neurons has not been undertaken in ganglia rostra1 to segment 9, it is clear that neurons containing NPY-like immunoreactivity comprise a large fraction of the sympathetic system throughout the remainder of the paravertebral chain (e.g., Fig. la) . Are all these neurons C cells? The present electrophysiological criteria for defining a C cell include pre-and postganglionic conduction velocities and the segmental origin of preganglionic axons (Dodd and Horn, 1983) . It seems unlikely that these criteria will be directly applicable to other segmental ganglia. However, a modification of the present criteria that relaxes references to specific segments and includes immunoreactivity and target specificity may make it possible to develop a classification scheme that applies to all segmental levels in the bullfrog sympathetic chain and even to other species.
